Disassembly of polyethylenimine-DNA particles in vitro: implications for polyethylenimine-mediated DNA delivery.
Here a simple in vitro assay was used to investigate the disassembly of nanoparticles of polyethylenimine (PEI) and DNA. Particles were formed with various PEIs, allowed to mature for 10 min, and then exposed to different competitors (RNA, DNA, BSA or heparin) or to different conditions of pH or osmolarity. DNA release was determined by gel electrophoresis or spectroscopy. The presence of heparin or high salt yielded complete particle disassembly for all PEIs tested. The addition of RNA to particles formed with linear PEIs or branched 2 kDa PEI resulted in rapid DNA release, but RNA induced only partial disassembly of particles formed with large branched PEIs. In the presence of competitor DNA, slow disassembly was observed with particles made with linear PEIs or branched 2 kDa PEI but not for particles made with larger branched PEIs. The presence of BSA resulted in partial disassembly of PEI-DNA particles, but acidic pH did not affect particle stability. If particles were allowed to mature longer than 10 min in NaCl, subsequent heparin-mediated DNA release decreased as the incubation time and the PEI:DNA ratio increased. However, particles that matured in culture medium were disassembled by heparin independently of maturation time or PEI:DNA ratio. It was concluded that branched PEIs have a higher affinity for DNA than linear PEIs, that the intracellular disassembly of PEI-DNA particles may involve interactions between PEI and cellular RNA, and that extended maturation of PEI-DNA particles in NaCl prior to transfection may limit the intracellular release of plasmid DNA.